We present a new sample of 525 Mira variables in the direction of the Galactic Bulge, expanding on previous samples of 69 and 500 objects, respectively, and thereby concluding our search for new Mira variables in the MACHO Galactic Bulge fields. 364 Miras of the present sample are reported as variable stars for the first time. We have cross-correlated our sample with the sample of Mira stars from the OGLE-III Catalog of Long-Period Variables (LPVs) in the Galactic Bulge and found 146 matches; MACHO and OGLE periods are in very good overall agreement. We present summary data for all stars of the present sample and give a statistical overview, comparing the properties of the MACHO and OGLE samples and enlarging on the analyses in our previous paper. Lightcurves, folded lightcurves and further details are available via the AAVSO International Variable Star Index (http://www.aavso.org/vsx/).
Introduction
We have continued our search for Mira variables in the MACHO Galactic Bulge fields (Bernhard, 2011; Huemmerich and Bernhard, 2012) . The MACHO project (http://macho.anu.edu.au/) comprises observations carried out between 1992 and 2000 with the 1.27 m Great Melbourne Telescope situated at Mount Stromlo in Australia. All observations were taken simultaneously through the non-standard MACHO blue filter (~4500-6300 Å; hereafter MACHO B-band) and MACHO red filter (~6300-7600 Å; hereafter MACHO R-band) using a combination of eight 2048*2048 CCD cameras (Alcock et al., 1999) . For more information on the MACHO project see e.g. Alcock et al. (1997) .
Retaining the methodology outlined in our first paper, we have inspected MACHO R-band lightcurves from the MACHO Galactic Bulge fields in order to find suitable Mira candidates. MACHO R-band was chosen over B-band photometry because of its increased sensitivity towards the red band of the electromagnetic spectrum, making it more suitable for identifying red variables such as Miras. In the case of three stars, however, it was necessary to fall back on B-band observations because of bad R-band photometry. We have then transformed MACHO instrumental magnitudes on to the Kron-Cousins system by using equation (2) of Alcock et al. (1999) . Only stars with an amplitude > 2 mag (Rc) were investigated and subjected to a visual inspection of their lightcurves; objects exhibiting significant changes in amplitude, mean magnitude and / or period suggesting semiregularity have been rejected. For the very bright objects, ASAS-3 V data (Pojmanski, 2002) has been included into the analysis whenever available in order to increase the time baseline and achieve a period solution of higher accuracy.
We have cross-matched our sample with the 2MASS Catalog (Skrutskie et al., 2006) , from which we derive astrometric positions and near-infrared color indices. Each object was checked against the Strasbourg CDS Vizier service (Ochsenbein et al., 2000) and the AAVSO International Variable Star Index (Watson et al., 2006) for pre-existence as a Mira-type star in variability catalogs. In addition, we have established a cross-correlation with the sample of Mira stars from the OGLE-III Catalog of Long-Period Variables (LPVs) in the Galactic Bulge (Soszyński et al., 2013; hereafter OGLE sample) , the results of which are presented in Chapter 2 along with a comparison of the MACHO and OGLE samples.
Summary data for all new Mira variables are presented in Table 1 , which also gives corresponding identifiers from other lists. Lightcurves, folded lightcurves and further details are available via the AAVSO International Variable Star Index (Watson et al., 2006 ; http://www.aavso.org/vsx/). Data of the Mira variables from our previous papers can be found online at VizieR (catalog J/other/OEJV/149) and in the Peremennye Zvezdy Variable Stars Supplement (PZP, vol. 11, N 12) . Additionally, data of the complete sample of Mira stars from the MACHO Galactic Bulge fields, as presented in our papers (Bernhard, 2011 1 ; Huemmerich and Bernhard, 2012 and the present paper), can be found in the appendix, including 2MASS J, H, K photometry (Skrutskie et al., 2006) .
Properties of the MACHO Mira sample and comparison with the OGLE sample

Cross-correlation with Mira variables from the OGLE-III Catalog of Long-Period Variables (LPVs) in the Galactic Bulge
We have cross-correlated the present sample of MACHO Miras with the OGLE sample (Soszyński et al., 2013) . We find 146 matches, which is in agreement with our expectations as the sky coverage of the two surveys is different and many of the brighter MACHO objects will likely be saturated in the OGLE frames. Corresponding OGLE identifiers (OGLE-BLG-LPV-NNNNNN) are listed in Table 1 .
Except for two cases, in which the given period was half the actual value 2 , MACHO and OGLE periods are in very good overall agreement. In exactly 50% of cases, MACHO and OGLE periods agree to within 1%, while the period difference is more than 4.5% for only 5 stars of the entire sample (see Figure 1) . Examples of excellent period agreement between MACHO and OGLE Miras are presented in Figure 2 . We have investigated all stars with ΔPeriod > 3% and find that the observed differences in period are mostly due to the disparity between MACHO and OGLE coverage. Both samples are based on quite heterogeneous datasets. OGLE time coverage and number of datapoints vary "[...] from about 100 points collected over two years to more than 3,000 observations obtained between 1997 and 2009 1 One star of the sample presented in Bernhard (2011) has been identified as a duplicate entry (MACHO 101.20779.46 = MACHO 104.20779.6004) . As better coverage of the object has been achieved in field 101, we retain MACHO 101.20779.46 and drop the other identifier from our sample. 2 Both objects (MACHO 180.22111.49, P = 182.5 d in the MACHO sample; OGLE-BLG-LPV-211391, P = 155.96 d in the OGLE sample) are listed with their corrected periods (P = 365 d and P = 305 d, respectively) in Table 1. (OGLE-II + OGLE-III)." (Soszyński et al., 2013) . MACHO data, on the other hand, comprises from about 200 to more than 1,200 datapoints which were mostly collected over a timespan from 1,500 to 2,500 days in the case of the Galactic Bulge fields. MACHO fields with fewer than 200 observations have been excluded from our analysis.
As indicated above, longer time coverage results in more accurate results in almost all cases. This was expected, as small cycle-to-cycle variations, which Mira variables are notorious for, may have a great impact on the period solutions for stars with short time baselines that only cover a small number of cycles. This holds especially true for long-period Miras, for which analyses are sometimes based on only two consecutive maxima. Furthermore, in some cases, maxima have been covered only partially or not at all, which is seen frequently in stars whose periods are very nearly equal to one year. Additionally, varying lightcurve shapes add uncertainty to the period analysis. Considering these difficulties, and the fact that Mira variables are prone to exhibiting intrinsic period scatter (cf. e.g. Koen and Lombard, 1995; Zijlstra and Bedding, 2002) , the excellent agreement of MACHO and OGLE periods is noteworthy. Figures 3 and 4 give examples of the period solutions for MACHO and OGLE Miras with ΔPeriod > 3% which illustrate the frequent disparity in time coverage between both datasets. In agreement with the above mentioned deductions, the disparity in coverage seems to be most pronounced for objects with ΔPeriod > 3%. We have therefore chosen to augment this situation by combining MACHO and OGLE data for all objects with ΔPeriod > 3%. The resulting increment of the time baseline enables us to obtain a period solution of higher accuracy for these stars; an example of this procedure is illustrated in Figure 5 . Stars, whose periods result from a combination of MACHO and OGLE data, are marked as such in Table 1 . MACHO 180.22890.135 / OGLE-BLG-LPV-220499 (top) and MACHO 114.20361.533 / OGLE-BLG-LPV-194883 (bottom) , based on a combination of MACHO and OGLE data. For the period analysis, OGLE Ic (red) has been shifted to match MACHO Rc (black).
Period distribution 3
We have compared the period distribution of the MACHO and OGLE samples, the result of which is illustrated in Figure 6 . The OGLE sample (N = 6528) is more complete and comprises about six times as many Mira variables as the MACHO sample (N = 1094), which bears on the following results. Nevertheless, and despite of an overall good agreement, there is a noteworthy discrepancy in the period distribution between both samples. The MACHO sample contains more Miras with periods ranging from 201-350 days, notably in the range from 201-300 days. In contrast, the OGLE sample encompasses a much higher percentage of Miras in the period range > 350 days. In fact, the longestperiod Mira we have been able to identify in MACHO data is the OH maser source MACHO 305.35072.100 with a period of P = 592 d (cf. also Huemmerich and Bernhard, 2012) ; there do not seem to be Miras of longer period in the entire MACHO sample.
The observed discrepancy is most likely due to the different passbands and limiting magnitudes of the MACHO and OGLE projects. OGLE observations are taken in the Cousins I-band (Ic), which roughly comprises a wavelength region between ~6800 and ~9000 Å (cf. e.g. Moro and Munari, 2000) , and are thus much more suited to finding long-period Miras which are mostly very red objects due to extinction by circumstellar dust (cf. e.g. Matsunaga et al., 2005) . Furthermore, a fraction of the brighter Miras will likely be saturated in the OGLE frames, which possibly contributes to the observed differences in period distribution between both samples. Figure 7 shows the colour-magnitude diagrams for Mira variables from the MACHO and OGLE samples, the results of which are in excellent agreement. Both diagrams exhibit a red tail of Miras with (H-Ks) ≥ 1, extending to about (H-Ks) = 1.5 in the case of MACHO Miras and (H-Ks) = 2 in the case of the OGLE sample. This is in agreement with the findings of Matsunaga et al. (2005) ; cf. in particular their Figure 7 . It is noteworthy that Miras with (H-Ks) ≥ 1 become fainter with increasing (H-Ks), which becomes especially obvious in the OGLE sample, demonstrating again the advantages of OGLE in discovering Miras towards the red and faint end. This underluminosity in the 2MASS Ksband is likely caused by circumstellar extinction due to dust (cf. e.g. Fraser, 2008) . 
Properties in colour-magnitude, period-colour and period-luminosity space
Colour-magnitude diagrams
Period-colour diagrams
Period-colour diagrams of the MACHO and OGLE samples are given in Figure 8 ; period is expressed in log (P). As expected, Miras of longer period have larger (H-Ks) values and thus redder colours.
There is a turn-off point at log (P) ~ 2.6, at which the increase in (H-Ks) follows a steeper slope, indicating that Miras with periods longer than log (P) ~ 2.6 tend to show colour excesses because of circumstellar dust shells, as denoted by Matsunaga et al. (2005) .
Figure 8: Log (P) vs 2MASS (H-Ks) diagrams for the MACHO sample (top; N = 1094) and the OGLE sample (bottom; N = 6528)
Period-luminosity diagrams
The distribution of Mira variables in the period-luminosity plane is rather clearly outlined. They occupy what has become to be known as "sequence C" and are well separated from the semi-regular and OSARG (OGLE Small Amplitude Red Giant) variables (cf. e.g. Wood et al., 1999; Soszyński et al., 2013 ; especially their Figure 5 ). There is excellent agreement in the distribution of Mira variables in the period-luminosity diagrams for both samples, with OGLE data reaching to fainter Ks. 
Figure 9: Log (P) vs 2MASS Ks diagrams for the MACHO sample (top; N = 1094) and the OGLE sample (bottom; N = 6528) OPEN EUROPEAN JOURNAL ON VARIABLE STARS
